Abstract. High hepatitis B virus (HBV) load and chronic hepatitis B infection increase the risk of developing hepatocellular carcinoma (HCC), and is also associated with recurrence of HBV-related HCC. The aim of the present study was to investigate whether pseudolaric acid B (PAB), a diterpene acid isolated from the root and trunk bark of Pseudolarix kaempferi Gordon (Pinaceae), has an inhibitory role on the HBV secretion in HBV-related HCC. By detecting HBV surface antigen (HBsAg) by ELISA it was found that PAB inhibited HBV secretion in HepG2215 compared to control group, but did not decrease the intracellular HBV level, and the results were repeated in HepG2 cell transfect with HBV gene. Therefore, our results proved that PAB had the ability to inhibit HBV secretion. Moreover, it was shown that HepG2215 cells with HBV gene accumulated more in G0/G1 phase than HepG2 cells without HBV gene through detecting cell cycle distribution by flow cytometry, which indicated that HBV replication might favor the cell cycle environment of G0/G1 phase. However, HepG2 cells entered G2/M phase earlier than HepG2215 when PAB treatment induced G2/M arrest, therefore, HBV retarded the entry of G2/M to sustain the status of G0/G1 phase, while PAB finally changed the cell cycle environment favored by HBV virus. In addition, PAB also induced HepG2215 cell apoptosis, which would be helpful to kill the cells infected by HBV and help for devouring HBV by macrophage. Therefore, PAB inhibited HBV secretion through apoptosis and cell cycle arrest. The present findings contribute to a future potential chemotherapeutic drug in the treatment of HBV-related HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the major health problems worldwide, ranking as the third leading cause of cancer-related mortality globally and the second in China (1) . High hepatitis B virus (HBV) load and chronic hepatitis B infection increase the risk of developing HCC (2) , while high HBV viral load is also associated with recurrence for patients with hepatitis B virus-related HCC (HBV-related HCC) although the best therapeutic choices are early-stage tumors and preserved hepatic function, liver resection and liver transplantation (3, 4) . Therefore, drug with both antitumor and anti-HBV effect will be important for patients with HBV-related HCC.
Natural products have played pivotal roles in the drug discovery and development process. This is particularly evident in the field of cancer therapeutics, where >50% of the approved drugs introduced from 1981 to 2002 were of natural origin (5) . It has been noted that natural products may embody more 'privileged structures' than purely synthetic chemical libraries (6) and they are a rich resource of new chemical motifs. Therefore, the natural product-based drug discovery program remains an important avenue toward the development of small-molecule therapeutics for cancer as well as other diseases (7) . Pseudolaric acid B (PAB) is a novel diterpene acid isolated from the root bark of Pseudolarix kaempferi Gordon, known as 'Tu-Jin-Pi' Chinese herb, which has been safely used for centuries in traditional Chinese medicine for treating skin inflammation (8) . PAB has antitumor effect through different mechanism in a number of cancer cell lines (8-13) which might be related to a unique polyhydroazulene with a trans substitution pattern at the junction sites which has not been found in any other natural products (14) , however, it is still not known whether PAB possesses antiviral ability, especially anti-HBV.
In the present study, we confirmed that PAB had a new effect of inhibiting secretion of HBV and PAB was a candidate drug for anti-HBV and to treat HBV-related HCC. 6 ) were harvested and rinsed with phosphate-buffered saline (PBS). The cell pellets were fixed in 70% ethanol at 4˚C overnight. After washing twice with PBS, the cells were stained with 1.0 ml of PI solution containing PI 50 mg/l, RNase A 1 g/l, and 0.1% Triton X-100 in sodium citrate 3.8 mM, followed by incubation on ice in the dark condition for 30 min. The samples were analyzed by a FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ, USA).
Materials and methods

Materials
Observation of morphologic changes by light microscopy.
HepG2215 cells (5x10 5 cells/well) were cultured in 6-wells plate for 24 h. Then, 4 µM PAB were treated for 0, 6, 12, 24 and 36 h, morphologic changes were observed by phase contrast microscopy (Leica Biosystems GmbH, Nusslich, Germany).
Observation of nuclear morphologic changes. HepG2215 cells (5x10 5 ) were placed on the coverslips in a 6-well plate.
After 24 h of cell culture, they were treated with 4 µM PAB for 0, 6, 12, 24 and 36 h, then were washed by PBS, fixed in 3.7% formaldehyde for 1 h, then were stained with 5 mg/l Hoechst 33258 for 30 min. Nuclear changes were observed by fluorescence microscopy at excitation wavelength 350 nm with emission filter 460 nm (Leica Biosystems GmbH).
Determination of DNA fragmentation by agarose gel electrophoresis. Cells were trypsinized after PAB treatment for 0, 6, 12, 24 and 36 h, and both adherent and floating cells were collected by centrifugation at 1,000 x g for 5 min. It was done according to the protocol (12) .
Western blot analysis of protein expression. Cells (1x10 6 ) were cultured in 25-ml culture bottle, and then were treated with 4 µM PAB for 0, 6, 12, 24 and 36 h. Both adherent and floating cells were collected and frozen at -80˚C. Western blot analysis was performed for total proteins as follows (12) . Statistical analysis. All data represent at least three independent experiments, and are expressed as mean ± SD. Statistical comparisons were made using the Student's t-test. P-values of <0.001 were considered to represent a statistically significant difference.
Results
PAB inhibited the secretion of HBV in HepG2215 cell line.
HBV secretion was related to ocurrence and recurrence of hepatocellular carcinoma (3, 4) , so the present study detected the secretion of HBV after PAB treatment. Firstly, it was found that at 12 h PAB obviously decreased the level of HBV in supernatant through detecting HBsAg, and supernatant HBsAg after PAB treatment was 69.17±2.81% of control group (Fig. 1A) . Meanwhile it was also found that intracellular HBsAg was not affected obviously after PAB treatment compared to control group on condition that PAB group had the same cell number with control group (Fig. 1B) . Therefore, PAB inhibited the secretion of HBV in HepG 2215 cell line.
PAB inhibits the secretion of HBV in HepG2 cell line transfected HBV gene.
For further confirming the effect of PAB on HBV secretion, we transfected HBV plasmid into HepG2 cells, and found that PAB also inhibited HBV secretion in transfect HepG2 cells, and supernatant HBsAg after PAB treatment was 70.14±2.84% of control group (Fig. 2A) , and the inhibitory effect of PAB on intracellular HBsAg was not observed compared to control group as the PAB group had the same cell number than the control group (Fig. 2B) . Therefore, PAB inhibited the secretion of HBV in HepG2 cell transfected HBV gene.
PAB induces G2/M arrest of HepG2 and HepG2215 cells.
The drug affecting cell cycle status favored by virus inhibited viral production (16), so we detected cell cycle distribution after PAB treatment. After 4 µM PAB treatment for 6, 12, 24 and 36 h, the DNA amount was obviously doubled compared with the control group in both HepG2 and HepG2215 cells, indicating the PAB-treated cells were arrested at the G2/M phase (Fig. 3) . It was observed that more HepG2215 cells (69.66±0.94%) arrested in G0/G1 phase than HepG2 cells (62.3±1.98%) in normal situation. In addition, at 6 h of PAB treatment, G0/G1 ratio of HepG2 and HepG2215 was 47.75±2.52 and 63.2±1.12%, respectively, while G2/M ratio of HepG2 and HepG2215 was 50.79±2.36 and 22.16±1.30%, respectively (Fig. 3B) , indicating that HBV infection induced G0/G1 arrest, and G0/G1 arrest-induced by HBV retarded the entry of G2/M-induced by PAB. Therefore, PAB might affect cell cycle status favored by HBV to inhibit HBV secretion.
PAB induces apoptosis of HepG2215 cells.
Cell apoptosis help to kill host cells of HBV (12) , and macrophages to engulf apoptotic bodies (17) with HBV, thus, we detected the occurrence of apoptosis after PAB treatment. After 4 µM PAB treatment for 12 h, the number of floating cells was increased (upper panel of Fig. 4A ) and the number of cells with bright blue condensed nuclei (low panel of Fig. 4A ) were increased in HepG2215 cells. In addition, at 24 and 36 h after PAB treatment, there were obvious DNA ladder in agarose gel electrophoresis analysis of HepG2215 cells (Fig. 4B) . The expression of procaspase-3 was decreased after PAB treatment in HepG2215 cells (Fig. 4C) . Therefore, PAB induced apoptosis of HepG2215 cells.
The inhibitory effect of PAB on HepG2 and HepG2215 growth.
To detect the growth inhibition of PAB-exposed HepG2 and HepG2215 cells to confirm the effect of HBV on the drug sensitivity, the cells were treated with various doses of PAB, from 0.4 to 20 µM for 12, 24, 36 and 48 h. PAB showed potent suppressive effect on HepG2 (Fig. 5A) and HepG2215 (Fig. 5B ) cells, and the IC 50 values of PAB in HepG2 and HepG2215 cells at 36 h were 8.58 and 103.44 µM, at 48 h were 4.31 and 8.06 µM, respectively. Therefore, the cytotoxicity of PAB on HepG2 and HepG2215 cells was increased with the increased dose and time, and the inhibitory ratio of PAB on HepG2 was more obvious than HepG2215 (Fig. 6 ).
Discussion
Hepatocellular carcinoma (HCC) is a serious malignancy, and frequently found in refractory cancers in China, chronic infections of HBV could aid the development and recurrence of HCC (3, 4) , and antivirus therapy would prevent development and recurrence of HBV-related HCC. It was reported that pseudolaric acid B (PAB) possessed selective anti-proliferative effect in human cancer cells but not in normal cells in vitro and in vivo (18, 19) , therefore, we investigated the effect of PAB on HBV secretion for HBV-related HCC treatment.
In the present study, HepG2215 cell line was used as a model to study HBV-related HCC because HepG2215 was stably transfected in the HBV genome into HepG2 cells (20) , which is a widely used cell line in the study of the life cycle of HBV and antiviral research (21) (22) (23) . In this study, PAB inhibited HBV secretion, but did not decrease the level of intracellular HBV in HepG2215, indicating that PAB had the ability of an anti-virus through inhibiting the HBV secretion. Furthermore, to confirm the effect of PAB on HBV secretion, we transfected HBV gene into HepG2 cell line, and we obtained similar results as in HepG2215, namely PAB inhibited HBV secretion. Therefore, it was concluded that PAB could inhibit HBV secretion.
As part of their pathogenic mechanism, many viruses facilitate their own growth by interacting with factors that regulate the host cell cycle. Examples can be found among DNA viruses, retroviruses and RNA viruses. For the DNA viruses, for example, some small DNA viruses such as simian virus 40 (24) , adenovirus (25, 26) , and human papillomavirus (27) , which lack their own polymerases, for using host polymerase promote the entrance of cells into the S phase from the G1 phase. Other large DNA viruses, such as herpesviruses, can induce cell cycle arrest in the G0/G1 phase to avoid competition for cellular DNA replication resources (28) . Besides the DNA viruses, cell cycle regulation has been observed for retroviruses (29, 30) . Furthermore, RNA viruses, for example infectious bronchitis virus (IBV) induces an S and G2/M-phase arrest to favor viral replication (31, 32) . Then, we analyzed the inhibitory mechanism of PAB on HBV secretion on the cell cycle, it was found that more HepG2215 cells were in G0/G1 phase than HepG2 from the analysis of the cell cycle, indicating that HBV induced G0/G1 arrest, which was consistent with a previous report (33) . As through regulating the host cell cycle, virus replication could be affected (16), we analyzed whether PAB affected the status of cell cycle favored by HBV. In addition, it was confirmed that PAB induced G2/M arrest in HepG2215 cells, which proved that PAB changed the cell cycle status favored by HBV. It was noted that at 6 h after PAB treatment, more HepG2 entered G2/M cell cycle than HepG2215, namely HepG2215 still stayed in G0/G1, indicating HBV struggled to let cells stay in G0/G1 phase after PAB treatment. Therefore, cell cycle arrest was a mechanism to inhibit HBV secretion.
Apoptosis is a mechanism to kill cancer cells, apoptotic cells were fragmented into apoptotic bodies which still had integrated membrane, and would be engulfed by macrophagy cells. We found that after PAB treatment, chromatin condensation, condensed cell floating, chromosomal DNA fragmentation and procaspase-3 cleavage, all of which are apoptotic markers appeared in HepG2215 cells. It was speculated that HBV-related HCC cell apoptosis would be in favor of viral elimination because HBV virus was packaged in apoptotic bodies which was engulfed directly by immune cells, and HBV-related HCC cell apoptosis kill the host of HBV to eradicate HBV.
In addition, the present study found that PAB exerted potent inhibitory effect on HCC HepG2 cells and HBV-related HCC HepG2215 cells, and PAB had stronger inhibitory ability on HepG2 than HepG2215. Therefore, it is speculated that HBV infection endowed cancer cells drug tolerance to some extent.
The detailed mechanism of PAB of anti-HBV is still not clear, but it was speculated that: i) PAB as a depolymerization of tubulin drug inhibited the polymerization of tubulin (34) which was important for HBV production and secretion; ii) PAB induced G2/M cell cycle arrest, but G0/G1 arrest was required by HBV secretion; and iii) PAB induced apoptosis which could damage some important proteins, organelles, or others that were required for secretion and thus apoptosis would be in favor of engulfing the virus by macrophages.
Uncovering the phenomenon of PAB inhibiting HBV secretion might lead to its use as an anticancer treatment of HBV-related HCC.
